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SUBSTRATE HAVING A PLANARIZATION
LAYER AND METHOD OF MANUFACTURE
THEREFOR, SUBSTRATE FOR ELECTRO-
OPTICAL DEVICE, ELECTRO-OPTICAL
DEVICE, AND ELECTRONIC APPARATUS

BACKGROUND OF THE INVENTION

1. Field of Invention

The present invention relates to a substrate of a multilayer
structure, especially a TFT substrate, and a substrate having
a planarization layer suitable for a liqud crystal device, etc.
using the TFT substrate and a manufacturing method
thereot, and a substrate for an electro-optical device, and an
clectro-optical device.

2. Description of Related Art

A lhiquid crystal device 1s constructed by filling liquid
crystal between two sheets of substrates, such as a glass
substrate or quartz substrate. A liquid crystal device can
display 1images by providing active elements, such as a thin
film transistor (hereinaiter referred to as TFT) and pixel
clectrodes 1n a matrix shape on one substrate and counter
clectrodes (transparent electrodes (ITO (indium tin oxide)))
on the other substrate, and changing optical properties of the
liquad crystal layer filled between both substrates 1n response
to 1mage signals.

An electro-optical device, such as an active matrix
addressed liquid crystal device using active elements, 1s
configured by providing pixel electrodes and switching
clements on a substrate (an active matrix substrate) to
correspond to each intersection of a plurality of scan lines
(gate lines) and data lines (source lines) which are arranged
in longitudinal and transverse directions, respectively.

A switching element, such as a TFT element, 1s turned on
by an ON signal applied to a gate line and writes an 1image
signal applied through a source line into a pixel electrode (a
transparent electrode (ITO)). In this way, voltage based on
an 1mage signal 1s applied to a liquid crystal layer between
a pixel electrode and a counter electrode, thereby changing
the array of liquid crystal molecules. In this way, a trans-
mittance ratio of a pixel changes, and light passing through
a pixel electrode and a liquid crystal layer changes according
to the 1image signal, thereby performing image display.

Meanwhile, 1n a case where each element constituting an
clement substrate, such as a TFT substrate, 1s provided on
one plane of a substrate, the occupying area of the element
increases and the area of a pixel electrode part decreases,
thus reducing the aperture ratio of a pixel. Therefore, in the
related art a stacked structure has employed such that each
clement 1s divided into a plurality of layers and each film
formation layer 1s electrically isolated by disposing an
interlayer insulating film between each layer (film formation
layer).

That 15, an element substrate i1s constructed by stacking
cach film formation layer, such as a semiconductor thin film,
an insulating thin film, or a conductive thin film with a
predetermined pattern on a glass or quartz substrate. A TF'T
substrate 1s formed by repeatedly performing a variety of
film formation steps and a photolithography step over every
film formation layer. For instance, on a TFT substrate, film
formation layers, such as a semiconductor layer, constituting
a channel of a TFT element, a wiring layer, such as a data

line, and a pixel electrode layer formed of an ITO film are
stacked.

However, according to a film formation pattern of each
layer, the surface of a stacked structure of film formation
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layers has 1rregularities. When such irregularities occur 1n a
layer being 1n contact with a liquid crystal layer, defects tend
to occur 1n the alignment of liquid crystal. Thus, 1n a lower
layer of a layer adjacent to a liquid crystal layer, an interlayer
insulating film may be planarized. For instance, an interlayer
insulating film forming a lower layer of a pixel electrode
layer 1s polished and planarized by CMP (chemical mechani-
cal polishing) or the like.

While the vaniation 1n thickness of the respective layers
falls within approximately 5% when CMP 1s not performed,
the film thickness of the interlayer mnsulating film changes
every portion thereof according to the 1irregularities of a film
formation pattern, when CMP 1s performed. In this case, the
variation 1n the film thickness reaches even 20-30%. When
two film formation patterns on and beneath the interlayer
insulating film are connected to each other, a contact hole 1s
formed by making an opening in the interlayer insulating
film and, through the contact hole, two film formation
patterns on and beneath the interlayer insulating film are
clectrically connected to each other. Two or more types of
film formation patterns may be formed in the same film
formation layer, and two or more contact holes may be
formed 1n a single interlayer insulating film.

When an interlayer insulating film 1s planarized by CMP,
a contact hole formed 1n a relatively thicker portion of the
interlayer msulating film 1s made different in depth from a
contact hole formed 1n a thinner portion thereof. In this case,
in etching to make an opening in the interlayer insulating
film, only a shorter contact hole 1s completely opened. A
longer contact hole 1s not completely opened by performing
an etching step once. When the longer contact hole 1is
completely opened, grounding wires of a lower layer to be
connected through a shorter contact hole may be completely
ctched to be removed 1n an over-etching step. Specifically,
a problem occurs that a plurality of contact holes formed 1n
an mterlayer isulating film are not opened by performing an
ctching step once when the interlayer insulating film 1s

planarized by CMP.

Further, a situation occurs that when an interlayer insu-
lating film 1s planarized by CMP, a portion of an interlayer
isulating film becomes relatively thicker compared to the
case where an mterlayer insulating film 1s not planarized by
CMP. When a contact hole 1s formed 1n the thick portion of
the interlayer msulating film, the ratio of the depth of a
contact hole to the length of bottom side of a contact hole,
1.., an aspect ratio, may be made relatively large. In this
case, a problem occurs that the adhesion of a metal film 1n
a contact hole becomes poor so that contact characteristics
are deteriorated.

SUMMARY OF THE INVENTION

The present mvention 1s provided to address these prob-
lems. Therefore, the present invention provides a substrate
having a planarization layer, a method of manufacture
therefore, a substrate for an electro-optical device, and an
clectro-optical device, capable of enhancing a contact char-
acteristics by making contact holes equal 1n depth anywhere
in the planarized interlayer msulating film and at the same
time by making an aspect ratio relatively small with regard
to a contact hole.

In an aspect of the present mmvention a substrate for an
clectro-optical device having a planarization layer includes
a plurality of sub-interlayer-film wiring patterns formed 1n
film formation layers disposed above a substrate; interlayer
films formed on the plurality of sub-interlayer-film wiring
patterns and whose surfaces are planarized; a plurality of
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contact holes formed in the planarized interlayer films
corresponding to portions of the plurality of sub-interlayer-
film wiring patterns; and a stacked film which 1s formed
between the substrate and the plurality of sub-interlayer-film
wiring patterns and whose portions corresponding to each
region ol the plurality of contact holes are equal or nearly
equal 1n thickness.

By such a configuration, in sub-interlayer-film wiring
patterns where contact holes are formed, 1t 1s possible to
equalize the heights from a certain base level of a substrate
surface over the entire substrate, and even after an interlayer
film 1s planarized by CMP, a plurality of contact holes
formed 1n an interlayer film are made equal or nearly equal
in depth. In this way, it 1s possible to uniformly open all
contact holes by performing an interlayer-film removal step
once.

Also, 1n an aspect of the present invention a substrate for
an electro-optical device having a planarization layer
includes, above a substrate having recesses in a portion of
the substrate surface: a plurality of sub-interlayer-film wir-
ing patterns formed 1n film formation layers disposed 1n at
least one of the region of the recesses and other regions;
interlayer films formed on the plurality of the sub-interlayer-
film wiring patterns and whose surfaces are planarized; a
plurality of contact holes formed 1n the planarized interlayer
films corresponding to portions of the plurality of sub-
interlayer-film wiring patterns; and a stacked film which 1s
formed between the substrate and the plurality of sub-
interlayer-film wiring patterns, values obtained by subtract-
ing the sunken distance of recesses along the normal direc-
tion of the substrate surface from the thickness of the stacked
film portions corresponding to each region of the plurality of
contact holes being equal or nearly equal.

Herein, the sunken distance of the recess along the normal
direction of the substrate surface refers to a recess depth of
a recess region measured by setting the original surface or
the highest surface of a substrate as a base level, the recess
may be formed due to, for example, etching.

According to such a configuration, even though there is a
recess 1n a portion of a substrate surface, it 1s possible that
the heights from a certain base level of a substrate surface
are equal over the entire substrate in sub-interlayer-film
wiring patterns where contact holes are formed. Thus, even
alter planarizing the interlayer film by CMP, a plurality of
contact holes formed in the interlayer film are made equal or
nearly equal in depth. As a result, 1t 1s possible to extend
uniformly all contact holes by performing an interlayer-film
removal step once.

Moreover, a substrate having a planarization layer accord-
ing to an aspect of the present invention 1s characterized 1n
that the substrate includes a plurality of film formation
layers where film formation patterns are formed, respec-
tively; mterlayer films formed between the plurality of film
formation layers, respectively; a plurality of sub-interlayer-
film wiring patterns formed 1n the film formation layers
beneath planarized interlayer films of the interlayer films; a
plurality of contact holes formed 1n the planarized interlayer
films 1n order to connect the plurality of sub-interlayer-film
wiring patterns and {ilm formation patterns of layers above
the planarized interlayer films; and one or more dummy
patterns which are formed 1n a plurality of positions under
the plurality of contact holes, and which are formed 1n one
or more film formation layers under the plurality of sub-
interlayer-film wiring patterns, respectively, so as to control
positions of the surfaces of the plurality of sub-interlayer-
film wiring patterns.
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According to such a configuration, a plurality of film
formation layers each having a film formation pattern have
a multilayer structure, and interlayer films are formed
between each of film formation layers. A plurality of sub-
interlayer-film wiring patterns formed 1n the film formation
layers beneath the planarized interlayer films among inter-
layer films are connected to film formation patterns in the
upper layer through a plurality of contact holes formed 1n the
planarized interlayer films, respectively. On a plurality of
positions under the plurality of contact holes, one or more
dummy patterns are formed 1n one or more film formation
layers under the plurality of sub-interlayer-film wiring pat-
terns. By suitably arranging each dummy pattern, a vertical
position of a surface of each sub-interlayer-film wiring
patterns under the plurality of contact holes 1s controlled. In
this way, for instance, 1t 1s possible to equalize the vertical
positions of the surface of every sub-interlayer-film wiring
pattern. That 1s, 1n this case, since the interlayer films on the
sub-interlayer-film wiring patterns are planarized, every
contact hole 1s made equal 1n depth, thereby making all
contact holes open by performing the step once. Also, since
it 1s possible to raise the vertical positions of a plurality of
sub-interlayer-film wiring patterns by one or more dummy
patterns, 1t 1s possible to enhance the contact characteristics
by making the aspect ratio of a contact hole relatively small.

Further, the one or more dummy patterns are character-
1zed by independently controlling the positions of the sur-

faces of the plurality of sub-interlayer-film wiring patterns
so that the plurality of contact holes are extended from the
surfaces of the planarized interlayer films to the plurality of
sub-interlayer-film wiring patterns by performing an
interlayer-film removal step once.

According to such a configuration, 1t 1s possible to 1nde-
pendently control the vertical positions of the surfaces of the
sub-interlayer-film wiring patterns by suitably forming one
or more dummy patterns. In this way, 1t 1s possible to open
all contact holes by performing an interlayer-film removal
step once.

Also, the one or more dummy patterns are characterized
by being formed independently of each other under the
plurality of sub-interlayer-film wiring patterns so as to
equalize the vertical positions of the surfaces of the plurality
ol sub-interlayer-film wiring patterns.

According to such a configuration, one or more dummy
patterns are formed independently of each other under
sub-interlayer-film wiring patterns, respectively. In this way,
it 1s possible to definitely control the vertical positions of
surfaces of the sub-interlayer-film wiring patterns.

Also, the one or more dummy patterns are characterized
by being formed independently of each other in the same
film formation patterns of the film formation layers under
the plurality of sub-interlayer-film wiring patterns.

According to such a configuration, since the same film
formation patterns of the film formation layers are formed
under the sub-interlayer-film wiring patterns, it 1s possible to
equalize the vertical positions of the surfaces of the sub-
interlayer-film wiring patterns.

Also, the dummy pattern 1s characterized by being pro-
vided to extend from the film formation patterns of the film
formation layers in other regions of the same layer as the
dummy patterns.

According to such a configuration, it 1s possible to open
uniformly all contact holes by performing an interlayer-film
removal step once, and at the same time, the dummy patterns
are provided to extend from the film formation patterns of

the film formation layers 1n other regions. Thus, the dummy
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patterns are in the same electric potentials as the film
formation patterns of the film formation layers in other
regions.

For example, 1n a case where a film formation pattern of
a {ilm formation layer 1n an other region 1s a light shielding
film of a pixel region connected to the ground electric
potential, the dummy pattern also becomes the ground
clectric potential, and the electric potential of a sub-
interlayer-film wiring pattern over the dummy pattern is
stabilized by capacitive coupling with the ground electric
potential.

Also, the one or mote dummy patterns are characterized
by being formed to equalize the total film thickness of the
film formation patterns formed at positions corresponding to
cach contact hole under the plurality of sub-interlayer-film
wiring patterns.

According to such a configuration, the vertical positions
of a plurality of sub-interlayer-film wiring patterns are
equalized, and 1t 1s possible to make every contact hole
formed 1n the planarized interlayer film equal in depth.

An aspect of the present invention 1s also characterized 1n
that the plurality of contact holes are removed by etching the
planarized interlayer films, and the one or more dummy
patterns control, independently of each other, the vertical
positions of surfaces of the plurality of sub-interlayer-film
wiring patterns with a permissible margin of only an over-
ctching portion for any of the plurality of sub-interlayer-film
wiring patterns.

According to such a configuration, even 1n a case where
the vertical positions of the plurality of sub-interlayer-film
wiring patterns are a little different from each other, any of
sub-interlayer-film wiring patterns 1s over-etched only
within a permissible range. Thus, 1t 1s possible to open all
contact holes by performing an etching step once.

Further, a method of manufacturing a substrate having a
planarization layer according to an aspect of the present
invention 1s characterized 1n that the method 1ncludes a step
of forming one or more dummy patterns on one or more
positions of one or more film formation layers by the same
step as a forming step of each film formation pattern of a
plurality of film formation layers to be stacked, respectively,
a step of forming interlayer films on the film formation
layers, a step of forming a plurality of sub-interlayer-film
wiring patterns 1n wiring layers of the plurality of film
formation layers, a step of planarizing the interlayer films
formed on the wiring layers, and a step of forming a plurality
of contact holes for connecting the plurality of sub-
interlayer-film wiring patterns and a plurality of film for-
mation patterns of layers above the plurality of the interlayer
films 1n the planarized interlayer films at a plurality of
positions over the dummy patterns, the dummy patterns
controlling the vertical positions of surfaces of the plurality
of sub-interlayer-film wiring patterns.

According to such a configuration, one or more dummy
patterns are formed at one or more positions of one or more
film formation layers. A plurality of sub-interlayer-film
wiring patterns are formed in the wiring layers, and inter-
layer films are formed on the sub-interlayer-film wiring
patterns and then are planarized. A plurality of contact holes
for connecting a plurality of sub-interlayer-film wiring pat-
terns and a plurality of film formation patterns of layers
above the planarized interlayer films are formed in the
planarized interlayer films. The vertical position of surface
of each sub-interlayer-film wiring pattern under the plurality
of contact holes 1s controlled by suitably arranging each
dummy pattern. In this way, it 1s possible to make every
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contact hole equal 1n depth, thus making all contact holes by
performing an etching step once. Also, by making the
vertical position of the surface of each sub-interlayer-film
wiring pattern high, 1t 1s possible to make a low aspect ratio
ol a contact hole and to enhance contact characteristics.

Moreover, a substrate for an electro-optical device
according to an aspect of the present invention 1s charac-
terized 1n that the substrate includes a pixel electrode layer
where a film formation patterns of pixel electrodes are
formed to correspond to each intersection of a plurality of
data lines and a plurality of scan lines which are arranged
planarly 1n a matrix; a first film formation layer where the
film formation patterns of the plurality of data lines are
formed; a second film formation layer where the film
formation patterns of the plurality of scan lines and a film
formation pattern of switching elements for applying signals
to the pixel electrodes are formed, interlayer films which are
formed between the pixel electrode layer, the first film
formation layer, and the second film formation layer, respec-
tively; a plurality of sub-interlayer-film wiring patterns
which are formed in a film formation layers beneath the
planarized interlayer films of the interlayer films and which
are formed 1n any one of the pixel electrode layer, the first
f1lm formation layer, the second film formation layer, and the
other film formation layers; a plurality of contact holes
which are formed 1n the planarized interlayer films in order
to connect the plurality of sub-interlayer-film wiring patterns
and film formation patterns of layers above the planarized
interlayer films; and one or more dummy patterns which are
formed at a plurality of positions under the plurality of
contact holes and which are formed in one or more film
formation layers of layers below the plurality of sub-
interlayer-film wiring patterns, respectively so as to control
the positions of the surfaces of the plurality of sub-
interlayer-film wiring patterns.

According to such a configuration, a pixel electrode layer,
a first film formation layer forming a film formation pattern
of a data line, and a second film formation layer forming a
film formation pattern of a scan line are formed. The film
formation patterns of sub-interlayer-film wiring patterns are
formed 1n these film formation layers or the other film
formation layers. The vertical positions of sub-interlayer-
film wiring patterns are defined by one or more dummy
patterns. By suitably arranging one or more dummy patterns,
it 1s possible to equalize the vertical positions of the surfaces
of the sub-interlayer-film wiring patterns, thereby making
contact holes open by performing a step once. Also, it 1s
possible to make a low aspect ratio of a contact hole, thereby
enhancing contact characteristics.

An electro-optical device according to an aspect of the
present nvention 1s characterized by making use of the
substrate for the electro-optical device. Also, an electronic
apparatus according to an aspect of the present mnvention 1s
characterized by making use of the electro-optical device.

According to such a configuration, it 1s possible to open
contact holes by performing a step once and to obtain a
device with excellent contact characteristics.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a sectional view showing an element forming
region and a wiring layer region of a substrate having a
planarization layer according to a first exemplary embodi-
ment of the present invention;

FIG. 2 1s a plan view from a counter substrate side
showing a liquid crystal device which 1s an electro-optical
device configured using a substrate for a liquid crystal
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device as a substrate for an electro-optical device according
to the present exemplary embodiment, together with each
component formed thereon;

FIG. 3 1s a sectional view from plane H-H' of FIG. 2
showing a liquid crystal device after a packaging step of
adhering an element substrate and a counter substrate to face
cach other and then filling liquid crystal;

FIG. 4 1s an equivalent schematic diagram showing a
variety of elements, wires, etc. 1 a plurality of pixels
constituting a pixel region of a liquid crystal device;

FIG. 5 1s a detailed sectional view showing a pixel
structure of a liquid crystal device;

FIG. 6 1s a plan view showing a film formation pattern of
cach layer for a plurality of adjacent pixels formed ona TFT
substrate according to the present exemplary embodiment;

FIG. 7 1s a plan view showing the film formation pattern
of the main part 1n FIG. 6;

FIG. 8 1s a process tlow schematic showing a method of
manufacturing a substrate for a liquid crystal device 1 a
sectional view;

FIG. 9 1s a process flow schematic showing a method of
manufacturing a substrate for a liquid crystal device 1n a
sectional view;

FI1G. 10 1s a tlow chart showing a manufacturing method;
and

FIG. 11 1s a schematic sectional view showing a projec-
tion color display.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

Reference will now be made 1n detail to the exemplary
embodiments of the present invention 1 conjunction with
the accompanying figures. FIG. 1 1s a sectional view show-
ing an element forming region and a wiring layer region of
a substrate having a planarization layer according to one
exemplary embodiment of the present invention. The
present exemplary embodiment 1s configured to apply to a
substrate for a liquid crystal device like a TFT substrate
which 1s a substrate for an electro-optical device as a
substrate having a planarization layer. FIG. 2 1s a plan view
from a counter substrate side showing a liquid crystal device
which 1s an electro-optical device using a substrate for a
liquid crystal device as a substrate for an electro-optical
device according to the present exemplary embodiment,
along with each component formed thereon. FIG. 3 1s a
sectional view from plane H-H' of FIG. 2 showing a liquad
crystal device after a packaging step of adhering an element
substrate and a counter substrate to face each other and then
filling liquid crystal. FIG. 4 1s an equivalent circuit sche-
matic showing a variety of elements, wires, etc. in a plurality
of pixels composing a pixel region (an element region) of a
liguid crystal device. FIG. 5§ 1s a detailed sectional view
showing a pixel structure of a liquid crystal device. FIG. 6
1s a plan view showing a film formation pattern of each layer
for a plurality of adjacent pixels formed on a TF'T substrate
according to the present exemplary embodiment. FIG. 7 1s a
plan view showing the film formation pattern of the main
part in FIG. 6. FIGS. 8 and 9 are process tflow schematics
showing a method of manufacturing a substrate for a liquid
crystal device i1n a sectional view. The above-mentioned
figures are drawn on diflerent scales for the respective layers
or components 1n order for each layer or component to be
recognizable 1 each figure.

According to the present exemplary embodiment, on
horizontal positions of contact holes formed 1n a planarized
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interlayer insulating film, dummy patterns are formed 1n a
film formation layer under film formation patterns beneath
the interlayer insulating films (heremnafter referred to as
sub-interlayer-film wiring patterns) so as to roughly equalize
the vertical positions of the surfaces of film formation
patterns on the lower sides of the interlayer insulating films
with regard to sub-interlayer-film wiring patterns, thereby
making the contact holes formed in the planarized interlayer
insulating film equal 1n depth. In this way, 1t 1s possible to
open all contact holes by performing an etching step once,
and to enhance the contact characteristics by making an
aspect ratio relatively small.

First, reference will now be made 1n detail to the exem-
plary embodiments of the entire configuration of a liquid
crystal device configured using a substrate for a liquid

crystal device having a planarization layer 1n conjunction
with FIGS. 2 to 4.

A ligud crystal device 1s, as shown 1 FIGS. 2 and 3,
configured by filling liquid crystal 50 between a TF'T sub-
strate 10 as an element substrate and a counter substrate 20.
A pixel electrode (ITO) 9a and the like constituting a pixel
are disposed i a matrix form on a TFT substrate 10. A
counter electrode (ITO) 21 1s provided 1n the entire surface
ol a counter substrate 20. FIG. 4 shows an equivalent circuit
of elements composing a pixel formed on the TFT substrate

10.

Referring to FIG. 4, 1 a pixel region, a plurality of scan
lines 11a and a plurality of data lines 6a are arranged to
intersect, and pixel electrodes 9a are disposed 1n a matrix
form 1n regions partitioned by scan lines 11aq and data lines
6a. TFTs 30 are provided corresponding to each intersection
of the scan lines 11a and the data lines 64, and are connected
to pixel electrodes 9a.

A TFT 30 1s turned on by ON signal of the scan line 11a,
and an 1mage signal applied to the data line 6a i1s thereby
applied to the pixel electrode 9a. A voltage between the pixel
clectrode 9a and the counter electrode 21 provided 1n the
counter substrate 20 1s applied to liquid crystal 50. Also, the
accumulative capacitance 70 1s provided 1n parallel with the
pixel electrode 9a so that the voltage of the pixel electrode
9a can be retained for a longer time of, for example, 3 digits
than the time when a source voltage 1s applied owing to the
accumulative capacitance 70. Also, a voltage retaining prop-
erty 1s enhanced owing to the accumulative capacitance 70,
thereby making it possible to display an image with a high
confrast ratio.

FIG. 5 1s a schematic sectional view showing a single
pixel structure of a liquid crystal device, and FIGS. 6 and 7
are plan views showing a film formation pattern of each
layer.

Referring to FIG. 6, a plurality of pixel electrodes 9a are
provided 1n a matrix form on a TFT substrate 10(a dotted
portion denotes 1ts contour), and a data line 6a and a scan
line 11a are provided along the boundaries on length and
breadth sides of a pixel electrode 9a, respectively. A data line
6a 1s, as will be described later, formed of a stacked structure
including an aluminum film, etc. and a scan line 11a 1s, for
instance, formed of a conductive polysilicon film, etc. Also,
a scan line 11a 1s electrically connected to a gate electrode
3a opposite a channel region 14' indicated with an oblique
region with lines slanted from the right among a semicon-
ductor layer 1a in the figure. That 1s, a gate electrode 3a
connected to a scan line 11a and a channel region 1a' are
arranged to face each other at each intersection of scan lines
11a and data lines 6a respectively, composing a TFT 30 for
a pixel switching.
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Referring to FIG. 5 which 1s a sectional view from plane
A-A' of FIG. 6, an electro-optical device includes, for
instance, a TFT substrate 10 formed of a quartz substrate, a
glass substrate, or a silicon substrate, and a counter substrate

20 formed of a glass substrate or a quartz substrate which 1s
disposed to face the TFT substrate.

Referring to FIG. 5, on a TFT substrate 10, a pixel
clectrode 9a 1s provided, and an alignment film 16 which 1s
subjected to a predetermined alignment step, such as a

rubbing step, 1s provided thereon. A pixel electrode 9a 1s
made of, for instance, a transparent conductive film, such as
an I'TO film. Meanwhile, on a counter substrate 20, a counter
clectrode 21 1s provided throughout the counter substrate 20,
and an alignment film 22 which 1s subjected to a predeter-
mined alignment step, such as a rubbing step 1s provided on
the entire counter electrode. Similarly to the above-
mentioned pixel electrode 9a, a counter electrode 21 1s made
of, for 1nstance, a transparent conductive film, such as an
ITO film, and alignment films, 16 and 22 are made of, for
instance, transparent organic films such as polyimide films.

In this way, between a TF'T substrate 10 and a counter
substrate 20, which are disposed to face each other, an
clectro-optical material, such as liquid crystal, 1s filled 1n a
space surrounded by a sealing material 52 (see FIGS. 2 and
3), forming a liquid crystal layer 50. The liquid crystal layer
50 has a predetermined alignment state by alignment films
16 and 22 with no electric field applied from the pixel
clectrode 9a. The liquid crystal layer 30 1s made of, for
instance, an electro-optical material composed of a single
kind of nematic liquid crystal or a mixture of various kinds
of nematic liquid crystals. A sealing material 52 1s an
adhesive made of, for example, a photocurable resin or a
thermal curable resin to coat the periphery of a TFT sub-
strate 10 and a counter substrate 20, and there exists together
a spacer, such as a glass fiber or a glass bead for spacing both
substrates out.

Meanwhile, 1n addition to a pixel electrode 9a¢ and an
alignment {ilm 16, various components including these are
provided 1 a stacked structure on a TFT substrate 10.
Referring to FIG. 5, the stacked structure i1s formed by
sequentially providing from the bottom a first layer (1ilm
formation layer) including a scan line 11a, a second layer
including TF'T 30 including a gate electrode 3a, a third layer
including an accumulative capacitance 70, a fourth layer
including a data line 6q, a fifth layer including a shield layer
400, and a sixth layer (top layer) including the pixel elec-
trode 9a and the alignment film 16. Also, a basic msulating
film 12 1s provided between the first layer and the second
layer, a first interlayer insulating film 41 1s provided between
the second and the third layers, a second interlayer insulating
f1lm 42 1s provided between the third and the fourth layers,
a third interlayer msulating film 43 1s provided between the
fourth and the fifth layers, and a fourth interlayer insulating
film 44 1s provided between the fifth and the sixth layers,
respectively, thereby reducing or preventing a short circuit
of the above-mentioned components. Also, for instance, a
contact hole for electrically connecting a data line 6a to a
high concentration source region 14 among a semiconductor
layer 1a of a TET 30 1s also provided 1n the insulating films
12, 41, 42, 43, and 44. These components are now set forth
sequentially from the bottom layer.

On the first layer, a scan line 11a 1s provided which 1s
made of, for mstance, a metallic simple substance, alloy,
metal silicide, polysilicide, a stacked structure of these, or a
conductive polysilicon including at least one of refractory
metals, such as Ti1 (titanium), Cr (chromium), W (tungsten),
Ta (tantalum), Mo (molybdenum) and the like. The scan line
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11a 1s patterned 1n stripes along the direction of X 1n FIG.
6 1n plan view. Specifically, a scan line 11a 1n stripes has a
primary line portion extending along the direction of X in
FIG. 6 and a protrusive portion extending along the direction
of Y 1 FIG. 6 in which a data line 6a or a shield layer 400
1s extended. Also, the protrusive portions extending from the
adjacent scan lines 11a are not 1n contact with each other,
and thus every line of the scan lines 11a 1s separated from
cach other.

In this way, a scan line 11a has a function of simulta-
neously controlling ON/OFF of TFTs 30 existing in the same
row. Also, the scan line 11a has a function of blocking light
incident on a TFT 30 from the lower side, since the scan line
11a 1s formed to nearly cover the region where a pixel
clectrode 9a 1s not formed. Thus, 1t 1s possible to reduce or
prevent photo-leakage current from occurring 1n a semicon-
ductor layer 1a of a TFT 30, and to display a high quality
image without thicker or the like.

On the second layer, a TF'T 30 including a gate electrode
3a 1s provided. Referring to FI1G. 5, the TFT 30 has a LLD
(lightly doped drain) structure, and includes, as 1its
components, the above-mentioned gate electrode 3a, a chan-
nel region 1a' of a semiconductor layer 1a where a channel
1s formed, for instance, by electric field from a gate electrode
3a made of a polysilicon film, an 1nsulating film 2 including
a gate msulating film which insulates between a gate elec-
trode 3a and a semiconductor layer 1a, and a low concen-
tration source region 1b, a low concentration drain region
1c, a high concentration source region 1d, and a high
concentration drain region 1e 1n the semiconductor layer 1a.

On the second layer, an relay electrode 719 1s formed as
the same film as the above-mentioned gate electrode 3a.
Referring to FIG. 6, in plan view, this relay electrode 719 1s
formed 1n an 1sland form so as to place approximately 1n the
center of the one side of each pixel electrode 9a. Since the
relay electrode 719 and the gate electrode 3a are made of the
same films when the latter 1s made of, for instance, a
conductive polysilicon film, the former 1s also made of a
conductive polysilicon film.

Also, the above-mentioned TFT 30 preferably has a LDD
structure as shown 1n FIG. 5, while 1t may have a oflset
structure without implanting impurities into a low concen-
tration source region 15 and a low concentration drain
region lc, or 1t may have a self-aligned TF'T where impu-
rities with a high concentration are implanted using the gate
clectrode 3a as a mask thereby forming a high concentration
source region and a high concentration drain region in a
self-aligned manner. Also, the present exemplary embodi-
ment 1s configured by using a single gate structure where
only a single gate electrode of a TFT 30 for pixel switching
1s disposed between a high concentration source region 1d
and a high concentration drain region 1e, but more than two
gate electrodes may be disposed therebetween. If a TFT 1s
configured with more than dual gate or triple gate like this,
it 1s possible to reduce or prevent current from leaking in the
junction between a channel and source/drain regions, thus

reducing current during OFF.

Moreover, a semiconductor layer 1a constituting a TEFT 30
may be a monocrystal or non-monocrystal layer. In the
formation of a monocrystal layer, a related art, such as
adhesion may be used. It 1s possible to obtain, especially,
high performance peripheral circuits by forming a semicon-
ductor layer 1a of a monocrystal layer.

A basic insulating film 12 made of, for instance, a silicon
oxide film and the like 1s provided over the above-mentioned
scan line 11a and under the TFT 30. By forming the basic
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insulating film 12 in the entire surface of a TFT substrate 10,
the basic insulating film 12 has a function of reducing or
preventing characteristics of a TFT 30 for pixel switching
from changing due to the surface roughness caused by
polishing of a TFT substrate 10, the stain after cleaning, or
the like, 1n addition to the function of interlayer insulating a

TFT 30 from a scan line 11a.

A trench (contact hole) 12¢v with the same width as a
channel length of a semiconductor layer 1a, which 1s extend-
ing along the later-described data line 6a to both sides of the
semiconductor layer 1a 1in plan view, 1s formed 1n the basic
insulating film 12, so that a gate electrode 3a stacked thereon
corresponding to the trench 12¢v includes a hollow below.
Also, the gate electrode 3a 1s formed to cover the entire
trench 12¢v, and a sidewall 35 1ntegrally formed with this 1s
provided on the gate electrode 3a. In this way, the semicon-
ductor layer 1a of a TF'T 30 1s configured to be covered from
a lateral side in plan view as shown in FIG. 6, and thus to
reduce or prevent light incident on at least this portion.

The sidewall 34 1s formed to cover the trench 12¢v, and
also 1ts bottom 1s 1n contact with the above-mentioned scan
line 11a. Since the scan line 11a 1s formed 1n stripes as
described above, both a gate electrode 3a and a scan line 11a
in a certain row always have in the equivalent electric
potential, as far as that row 1s concerned.

Also, such a structure may be employed wherein a dif-
ferent scan line including a gate electrode 3a 1s formed,
making it parallel with a scan line 11a. In this case, the scan
line 11a and the different scan line have a redundancy wiring
structure. In this way, for mstance, even though the normal
conduction 1s made impossible due to some defects 1n a
portion of the scan line 11a, as long as the different scan line
existing in the same row as the scan line 11a 1s normal, 1t 1s
possible to normally control the operation of TFT 30 through
the scan line.

An accumulative capacitance 70 1s provided in a third
layer. The accumulative capacitance 70 1s formed by dis-
posing a lower electrode 71 as a capacitance electrode on a
pixel electric potential side connected to a high concentra-
tion drain region 1le of a TFT 30 and a pixel electrode 94, and
a capacitance electrode 300 as a capacitance electrode on a
fixed electric potential side to face each other via a dielectric
film 75. Owing to the accumulative capacitance 70, 1t 1s
possible to enhance the electric potential retaining property
in a pixel electrode 9a.

Also, as shown 1n plan view of FIG. 6, since the accu-
mulative capacitance 70 1s formed so as not to reach a light
transmissive region nearly corresponding to a forming
region of a pixel electrode 9a (1.e., 1t 1s formed to enter
within the light shielding region), an aperture ratio of pixel
in the entire electro-optical device 1s kept relatively high,
thereby making it possible to display more bright image.

Specifically, a lower electrode 71 1s made of, for instance,
a conductive polysilicon film, and acts as a capacitive
clectrode of a pixel electric potential side. However, the
lower electrode 71 may be formed of a single layer film or
multilayer film including metal or alloy. Also, the lower
clectrode 71 acts as an imtermediary means to connect a pixel
clectrode 94 and a high concentration drain region le of a
TFT 30 other than a capacitive electrode of a pixel electric
potential side. This intermediary connection 1s, as will be
described later, achieved through the relay electrode 719.

The capacitive electrode 300 acts as a capacitive electrode
of a fixed electric potential side of an accumulative capaci-
tance 70. In order to maintain the capacitive electrode 300
at a fixed electric potential, 1t 1s configured to electrically
connect to a shield layer 400 with a fixed electric potential.
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The capacitive electrode 300 1s formed on a TF'T substrate
10 1 an 1sland form so as to correspond to each pixel, and
the lower electrode 71 1s formed so as to have nearly the
same shape as the capacitive electrode 300. In this way, the
accumulative capacitance 70 does not uselessly expand 1n
plan view, 1.e., not reduce the pixel aperture ratio, while
realizing the maximum capacitance under the corresponding
situation That 1s, the accumulative capacitance 70 has larger
capacitance with a smaller area.

Referring to FIG. 5, the dielectric film 75 1s made of, for
instance, a relatively thin silicon oxide film, such as an HTO
(high temperature oxide) or LTO (low temperature oxide)
f1lm, or silicon nitride film with a thickness approximately
between 5 and 200 nm. In a case of increasing the accumu-
lative capacitance 70, as long as the reliability of a film can
be sufliciently secured, the thinner the dielectric film 75 the
better. Referring to FIG. 5, the dielectric film 75 has a
double-layered structure of a silicon oxide film 754 1n a
lower layer and a silicon nitride film 75 1n an upper layer. It
1s possible to increase the capacitance of the accumulative
capacitance 70 owing to the silicon mitride film 755 with a
relatively large dielectric constant, and at the same time 1t 1s
possible to reduce or prevent the withstanding strength of
the accumulative capacitance 70 from decreasing owing to
the silicon oxide film 75a. Thus, it 1s possible to obtain two
reciprocal effects by forming the dielectric film 75 1n a
double-layered structure.

Also, 1t 1s possible to reduce or prevent water from
penetrating into the TEFT 30 owing to the silicon nitride film
75b. In this way, a relatively long-term operation of a device
1s made possible without causing a threshold voltage to
increase 1n the TFT 30. Also, while the dielectric film 75 has
a double-layered structure in the present exemplary
embodiment, it may be configured with a triple-layered
structure having, e.g., a silicon oxide film, a silicon nitride
film, and a silicon oxide film, or a stacked structure of more
layers.

A first iterlayer insulating film 41 composed of, for
instance, a silicate glass film, such as NSG (non-silicate
glass), PSG (phospho-silicate glass), BSG (boro-silicate
glass), and BPSG (borophosphosilicate glass), a silicon
nitride film, or a silicon oxide film, or preferably NSG 1s
formed over the above-mentioned TFT 30 or gate electrode
3a and the relay electrode 719, and under the accumulative
capacitance 70. In the first mterlayer insulating film 41, a
contact hole 81 to electrically connect a high concentration
source region 1d of a TFT 30 and the later-described data
line 64 1s opened passing through the later-described second
interlayer insulating film 42. Also, a contact hole 83 to
clectrically connect a high concentration drain region 1le of
a 'TFT 30 and a lower electrode 71 composing an accumu-
lative capacitance 70 1s opened 1n the first interlayer insu-
lating film 41.

Moreover, a contact hole 881 to electrically connect a
lower electrode 71 as a capacitive electrode on a pixel
clectric potential side composing an accumulative capaci-
tance 70 and an relay electrode 719 1s opened 1n the first
interlayer insulating film 41. Additionally, 1n the first inter-
layer msulating film 41, a contact hole 882 to electrically
connect an relay electrode 719 and the later-described sec-
ond relay electrode 6a2 1s opened passing through the
later-described second interlayer insulating film.

As shown 1n FIG. 5, since the contact hole 882 1s formed
in a region other than the accumulative capacitance 70 and
a lower electrode 71 1s taken out toward the upper layer via
a roundabout route, 1.e., via an relay electrode 719 of the
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lower layer followed by the contact hole 882, even when the
lower electrode 71 1s connected to a pixel electrode 9a of the
upper layer, the lower electrode 71 does not need to be wider
than the dielectric film 75 and the capacitive electrode 300.
Theretore, it 1s possible to pattern the lower electrode 71, the
dielectric film 75, and the capacitive electrode 300 at the
same time by a single etching step. This facilitates control of
cach etching rate of the lower electrode 71, the dielectric
film 75, and the capacitive electrode 300, thus making 1t
possible to increase free design of a film thickness or the

like.

Also, 1n a case where a semiconductor layer 1a of a TFT
30 1s subjected to hydrotreatment or the like, 1t 1s possible to
make the hydrogen used 1n the above-mentioned hydrotreat-
ment to easily reach the semiconductor layer 1la via the
opening in the vicinity of the accumulative capacitance 70,
since the dielectric film 75 1s formed 1n the same shape as the
lower electrode 71 and the capacitive electrode 300 and does
not have an enlarged portion.

Also, it may be considered to activate the 1on implanted
into the polysilicon film composing the semiconductor layer
1a or gate electrode 3a, by performing the firing of approxi-
mately 1000° C. for the first interlayer msulating film 41.

A data line 6a 1s provided 1n a fourth layer. The data line
6a 1s formed 1n a stripe form so as to be 1dentical with the
direction where the semiconductor layer 1a of a TFT 30
extends, 1.¢., to overlap Y direction 1in FIG. 6. As shown 1n
FIG. 5, the data line 6a has a three-layered structure of
sequentially deposited layers from the bottom of aluminum
(refer to 41A 1n FIG. §), titamium nitride (41TN 1n FIG. 5),
and a silicon nitride film (401 1n FIG. 5).

A silicon nitride film 1s patterned 1n a little larger size so
as to cover the aluminum layer and titammum nitride layer
below. The data line 6a mcludes aluminum as material with
a relatively low resistivity, thereby making it possible to
smoothly apply an image signal to a TFT 30 and a pixel
clectrode 9a normally (without delay). Meanwhile, a silicon
nitride film which i1s relatively excellent to prevent water
penetration 1s formed on the data line 6a, thereby making it
possible to enhance the moisture-proof of a TF'T 30 and thus
to prolong the life span. The silicon nitride film 1s preferably
a plasma silicon nitride film.

Also, i the fourth layer, a relay layer 6al for a shield
layer and a second relay electrode 642 are formed of the
same film as the data line 6a. As shown 1n a plan view of
FIG. 6, these are not formed so as to have a plane shape
continuous with a data line 6a, but formed so as to be
separated 1n patterning. That 1s, referring to the data line 6a
placed on the leftmost side 1n FIG. 6, an relay layer 6al for
a shield layer having a tetragon 1s formed right on the right
side, and a second relay electrode 642 having a tetragon with
a little larger area than the relay layer 6al for a shield layer
1s formed on the right side. The relay layer 6al for a shield
layer and the second relay electrode 642 have a three-
layered structure of sequentially deposited layers from the
bottom of aluminum, titanium nitride, and a plasma nitride
film by the same step as the data line 6a.

The plasma nitride film 1s patterned 1n a little larger size
to cover the aluminum layer and titanium nitride layer
below. The titanium nitride layer acts as a barrier metal to
reduce or prevent penetration by etching of the contact holes
803, 804 formed corresponding to the relay layer 6al for a
shield layer and the second relay electrode 6a2.

Further, a plasma nitride film which 1s relatively excellent
to reduce or prevent water penetration 1s formed on the relay
layer 6al for a shield layer and the second relay electrode
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6a2, thereby making 1t possible to enhance the moisture-
proof of a TFT 30 and thus prolonging the life span can be
realized. The plasma nitride film 1s preferably a plasma
silicon nitride film.

A second interlayer msulating film 42 formed of a silicate
glass film, such as, e.g., NSG, PSG, BSG, or BPSG, a silicon
nitride film, or a silicon oxide film, or preferably formed by
plasma CVD using a TEOS gas 1s formed over the accu-
mulative capacitance 70 and under the data line 6a. In this
second interlayer insulating film 42, a contact hole 81 to
clectrically connect a high concentration source region 14 of
a TF'T 30 and a data line 6a 1s opened, and at the same time
a contact hole 801 to electrically connect an relay layer 6al
for the shield layer and a capacitive electrode 300 as the
upper electrode of an accumulative capacitance 70 1s
opened. Moreover, 1n the second interlayer nsulating film
42, a contact hole 882 to electrically connect the second
relay electrode 6a2 and the relay electrode 719 1s formed.

In the fifth layer, a shield layer 400 1s formed. This shield
layer 400 1s formed 1n a lattice shape so as to extend 1n the
X and Y directions respectively i plan view as shown in
FIGS. 6 and 7. The portion extendmg in the Y direction 1n
the figure of the shield layer 400 1s formed more widely than
the data line 6a so as to cover particularly, the data line 6aq.
Also, the portion extending in the X direction 1n the figure
has a notch 1n the vicinity of the center of one side of each
pixel electrode 9a 1n order to secure a region forming the
later-described third relay electrode 402.

Also, 1in the vicinity of the comer of intersectional portion
of the shield layer 400 extending in the X and Y directions
respectively 1n FIGS. 6 and 7, a triangle portion 1s formed to
cover the above-mentioned comer portion. By providing this
triangle portion in the shield layer 400, the semiconductor
layer 1a of a TFT 30 1s effectively blocked from light. That
1s, a light component 1incident in an oblique direction on the
semiconductor layer la 1s reflected or absorbed in this
triangle portion, not reaching the semiconductor layer 1a.
Thus, 1t 1s possible to reduce or prevent the photo-leakage
current from occurring and to display a high quality image
without flicker.

This shield layer 400 1s provided to extend from an 1image
displaying region 10a where a pixel electrode 9a 1s disposed
to the periphery thereof, and 1s electrically connected to a
constant voltage source, so 1t 1s held at a fixed potential. The
constant voltage source may be a positive or negative
constant voltage source applied to the later-described data
line driving circuit 101, or a constant voltage source applied
to a counter electrode 21 of a counter substrate 20.

Owing to the shield layer 400 which 1s formed to cover
the entire data line 6a (refer to FIG. 7) and at the same time
which 1s held at a fixed electric potential, i1t 1s possible to
remove the eflect of a capacitive coupling created between
the data line 6a and the pixel electrode 9a. That 1s, 1t 1s
possible to reduce or prevent the electric potential of the
pixel electrode 9a from varying in advance, 1n response 1o
the electrical conduction to a data line 64, thereby reducing
the possibility of creating the image stain or the like on the
image caused by the data line 6a. Since the shield layer 400
1s formed 1n a lattice shape, it 1s possible to reduce or prevent
a useless capacitive coupling from occurring in a portion
where a scan line 11a extends.

In the fourth layer, a third relay electrode 402 1s formed
as a relay layer of the same film as the shield layer 400. The
third relay electrode 402 acts as a medium for electrical
connection between the second relay electrode 642 and the
pixel electrode 9a via the later-described contact hole 89.
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The shield layer 400 and the third relay electrode 402 are not
formed so as to have a continuous plane shape, but formed
s0 as to be separated 1n patterning.

Meanwhile, the above-mentioned shield layer 400 and the
third relay electrode 402 have a second-layered structure of
a layer made of aluminum in the lower layer and a layer
made of titantum nitride 1n the upper layer. In the third relay
clectrode 402, the aluminum layer at the lower layer 1is
connected to the second relay electrode 642, and the tita-
nium nitride layer at the upper layer 1s connected to the pixel
clectrode 9a made of ITO or the like. When aluminum and
ITO are directly connected to each other, the electrical
corrosion occurs therebetween so that a preferable electrical
connection 1s not achieved due to the disconnection of
aluminum or the mnsulation caused by formation of alumina.
To deal with this, mn this exemplary embodiment, 1t is
possible to achieve a low contact resistance and a good

connection performance by connecting the titantum nitride
and ITO.

By realizing a good electrical connection of third relay
clectrode 402 and the pixel electrode 9a, 1t 1s possible to
keep a stable application of voltage to the pixel electrode 9a
or a good electric potential retaining characteristic in the
pixel electrode 9a.

The shield layer 400 and the third relay electrode 402

include aluminum which 1s relatively excellent for light
reflection function and include titanium nitride which 1s
relatively excellent for light absorption function, thereby
acting as a light shielding layer. That 1s, owing to these, it 1s
possible to block a light component imncident on the semi-
conductor layer 1a of a TF'T 30 (see FIG. 5) even from the
upper side. Also, such a light shielding function can be
equally applied to the above-mentioned capacitive electrode
300 and data line 6a as well. The shield layer 400, the third
relay electrode 402, the capacitive electrode 300, and the
data line 6a compose a portion of a stacked structure
provided on a TFT substrate 10, acting as a light shielding,
film of the upper side for blocking light incident on a TFT
30 from the upper side.

A third 1interlayer insulating film 43 composed of a silicate
glass film, such as NSG, PSG, BSG, or BPSG, a silicon
nitride film, or a silicon oxide film, or preferably formed by
plasma CVD using TEOS gas 1s formed over the data line 64
and under the shield layer 400. In this third interlayer
insulating film 43, a contact hole 803 to electrically connect
the shueld layer 400 and the relay layer 6al for a shield layer
1s opened, and a contact hole 804 to electrically connect the
third relay electrode 402 and the second relay electrode 6a2
1s opened.

The stress occurring in the vicinity of the interface of the
capacitive electrode 300 may be reduced by not performing
the above-mentioned firing which 1s performed for the first
interlayer insulating film 41 with regard to the second
interlayer msulating film 42.

In the sixth layer, the pixel electrode 9a 1s formed 1n a
matrix form as described above, and an alignment film 16 1s
formed on the pixel electrode 9a. Thus, the fourth interlayer
insulating film 44 composed of a silicate glass film, such as
NSG, PSG, BSG, or BPSG, a silicon nitride film, or a silicon
oxide film, or preferably BPSG 1s formed under the pixel
clectrode 9a. In this fourth interlayer msulating film 44, a
contact hole 89 to electrically connect the pixel electrode 9a
and the third relay electrode 402 1s opened. According to this
exemplary embodiment, the surfaces of the third and the
fourth interlayer insulating films 43, 44 are planarized by
CMP (chemical mechanical polishing), and the defects 1n
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alignment of the liquid crystal layer 50 caused by the step
difference by a variety of wires or elements existing on the
lower side 1s reduced. However, istead of planarizing the
third and fourth interlayer insulating films 43, 44 by CMP,
a planarization step may be also performed by forming a
trench 1n at least one of the TFT substrate 10, the basic
insulating film 12, the first interlayer insulating film 41, the
second 1nterlayer isulating film 42, and the third interlayer
insulating film 43, and then burying the wires like the data
line 6a or a TET 30.

Also, the accumulative capacitance 70 has a three-layered
structure of sequentially stacked layers from the bottom of
a capacitive electrode on a pixel electric potential side, a
dielectric film, and a capacitive electrode on a fixed electric
potential side, but 1t may have the reverse structure.

As shown 1 FIGS. 2 and 3, a light shielding film 53 1s
formed 1n the counter substrate 20 in a frame shape parti-
tioning a display region. In the entire surface of the counter
substrate 20, a transparent conductive film, such as I'TO 1s
formed as a counter electrode 21, and 1n the entire surface
of a counter electrode 21, a polyimide base alignment film
22 1s formed. The alignment film 22 1s subjected to a rubbing
step 1n a predetermined direction so that liquid crystal
molecules are aligned at a predetermined pretilt angle.

A sealing material 52 for filling liquid crystal 1s formed
between a TF'T substrate 10 and a counter substrate 20 in the
outside region of the light shielding film 53. The sealing
material 52 1s disposed to be nearly accord with the profile
ol the counter substrate 20, sticking the TFT substrate 10 and
the counter substrate 20 together.

The sealing material 52 1s applied on the TFT substrate 10
except for a portion of the one side of the TFT substrate so
that a liquid crystal inlet 108 1s formed to inject the liquid
crystal 50 into a gap between the TFT substrate 10 and the
counter substrate 20 which are adhered. After injecting the
liquid crystal through the liquid crystal ilet 108, the liquid
crystal inlet 108 1s sealed with sealing material 109.

In the outside region of the sealing material 52, a data line
driving circuit 101 for driving the data line 6a by supplying
an 1mage signal to the data line 6a on a predetermined timing
and an external connecting terminal 102 for connecting with
the external circuits are provided along one side of the TFT
substrate 10. Along two sides adjacent to this side, a scan
driving circuit 104 1s provided for driving a gate electrode 3a
by supplying a scan signal to the scan line 11a and the gate
clectrode 3a on a predetermined timing. The scan line
driving circuits 104 are formed on the TF'T substrate 10 1n
positions facing each other in the light shielding film 33
inside the sealing material 52. Also, on the TFT substrate 10,
wires 105 for connecting the data line driving circuit 101,
the scan line driving circuit 104, the external connecting
terminal 102, and the conducting terminal 107 for conduct-

ing the upper and lower sides are provided to face each other
in the three sides of the light shielding film 353.

The upper/lower conducting terminal 107 1s formed at
four comers of the sealing material 52 on the TF'T substrate
10. Between the TFT substrate 10 and the counter substrate
20, the upper/lower conducting material 106 1s provided, 1ts
lower portion being connected to the upper/lower conduct-
ing terminal 107 and its upper portion being connected to the
counter electrode 21, thereby achieving the electrical con-
duction between the TFT substrate 10 and the counter

substrate 20 through the upper/lower conducting material
106.

The present invention 1s not limited to the above-
mentioned exemplary embodiments with reference to the
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cubic/plane layout of each component, but embodied 1n a
variety of modifications.

FIG. 1 shows a portion of film formation patterns of a
plurality of film formation layers in a pixel region (element
forming region) on the lett side, and a wiring layer region
other than the element forming region, e€.g., a wire portion
105 on the night side. In FIG. 1, the configuration of the
clement forming region i1s the same as 1 FIG. 5. In the
wiring layer region, active elements like a transistor or
passive elements like a capacitor are not originally formed,
but only the wire 105 1s formed.

In FIG. 1, the wire 105 1s made of the same material as the
second relay layer 642 1n the wiring layer region in the
forming step of a fourth layer including the second relay
layer 6a2 of the pixel region. The third interlayer insulating
film 43 1s formed on the wire 105, and a terminal 121 1s
formed on the third interlayer insulating film 43 by the same
step as the fifth layer of the pixel region. That 1s, a terminal
121 1s made of the same material as the shield line 400. As
described above, the third interlayer insulating layer 43 is

planarized by CMP.

The wire 105 and the terminal 121 are electrically con-
nected via a contact hole 113 formed 1n the third interlayer
insulating film 43. In the wiring layer region of FI1G. 1, a film
formation layer 1s not formed in the upper layer of the
terminal 121.

In this exemplary embodiment, on the TFT substrate 10,
a predetermined dummy pattern 122 using the same material
as a scan line 11q 1s formed in the wiring layer region under
the contact hole 113 with regard to the forming step of the
scan line 11a as the first layer of the pixel region.

On a basic msulating film 12, a predetermined dummy
pattern 123 using the same matenal as the relay electrode
719 1s formed 1n the wiring layer region under the contact
hole 113 with regard to the forming step of the relay
clectrode 719 as the second layer of the pixel region. That 1s,
under the contact hole 113, a dummy pattern 122, a basic
insulating film 12, a dummy pattern 123, a first interlayer
insulating film 41, and a second interlayer insulating film 42
are formed on the TF'T substrate 10, and a dummy pattern
122 and a dummy pattern 123 are formed 1n the same step
as the scan line 11a and the relay electrode 719 respectively,
resulting in the same film thickness.

Therelore, the second relay layer 642 surface right under
the contact hole 804 of the pixel region and the wire 105
surface right under the contact hole 113 are equal 1n vertical
position. The forming regions of the contact holes 804 and
113 1n the third interlayer insulating film are equal 1n
thickness and the contact holes 804 and 113 are equal in
depth, since the third interlayer insulating film where the
contact hole 113 of the wiring layer region 1s formed 1is
planarized.

Manufacturing Process

Reference will now be made to the exemplary embodi-
ments of a method of manufacturing liquid crystal device
according to the present invention in conjunction with FIGS.
1, 8-10. FIG. 1 shows sectional views of a pixel region and
a wiring region, FIGS. 8 and 9 show manufacturing steps 1n
a pixel region according to the order of processing, and FIG.
10 shows a flow chart indicating a manufacturing method.

First, as shown 1n step (1) of FIG. 8, a TF'T substrate 10,
such as quartz, glass, or silicon substrate 1s prepared (step S1
in FIG. 10). The substrate 1s preferably subjected to an
annealing step at high temperatures ranging ifrom approxi-
mately 900 to 1300° C. in an inert gas ambient like N
(mitrogen) so that a little distortion occurs on a TFT substrate
10 due to a high temperature step to be performed later.
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Next, in the entire surface of the TFT substrate 10 thus
stepped metal such as Ti1, Cr, W, Ta, or Mo, or metal alloy
film, such as metal 8111c1de 1S depesﬂed by sputtering at a
f1lm thickness of approximately 100500 nm, preferably 200
nm. Heremafter, such a film before patterning 1s referred to
as a precursor film. The precursor film of metal alloy film 1s
then patterned by photolithography and etching resulting in
formation of a scan line 11a of a stripe shape 1n plan view
(step S2).

In this exemplary embodiment, a dummy pattern 122 1s
formed of the film formation material of a scan line 11a on
a basic imsulating film 12 of a wiring layer region when
forming the scan line 11a of the first layer. The scan line 11a
and the dummy pattern 122 are equal in film thickness.

Next, on the scan line 11a, a basic insulating film 12 made
of a silicate glass film, such as NSG (non-silicate glass),
PSG (phospho-silicate glass), BSG (boro-silicate glass), or
BPSG (borophosphosilicate glass) a silicon nitride film, or
a silicon oxide film 1s formed using TEOS
(tetracthylorthosilicate) gas, TEB (tetracthylborate) gas, or
TMOP (tetramethyloxyphosphate) gas by an atmospheric
pressure method or a low pressure CVD method (step S3).
The basic insulating film 12 1s, e.g., approximately
500—2000 mn thick.

In next step S4, a semiconductor layer 1a of the second
layer 1s formed. The precursor film of the semiconductor
layer 1a 1s an amorphous silicon film formed on the basic
insulating film 12 by a low pressure CVD (e.g., CVD at a
pressure of approximately 20-40 Pa) using monosilane or
disilane gas at a tlow rate of approximately 400—600 cc/min
under the ambient of relatively low temperatures ranging
from approximately 430 to 550° C., preferably approxi-
mately 500° C. A p-S1 (polysilicon) film 1s then solid-phase
grown until 1ts thickness reaches approximately 50-200 nm,
preferably approximately 100 nm, by performing heat treat-
ment for approximately 1-10 hours, preferably 4-6 hours, at
temperatures ranging from approximately 600 to 700° C. n
N ambient. The solid phase growth method may be the
annealing using RTA or the laser anneal using excimer laser.
At this time, a little V or III group element may be doped in
such a way as 1on implantation technique depending on the
type of a TFT 30 for pixel switching, i1.e., a n-channel or
p-channel type. A semiconductor layer 1a with a predeter-
mined pattern 1s then formed by photolithography and
ctching.

Next, 1n step S5, as shown 1n step (2) of FIG. 8, a lower
layer gate msulating film 1s formed by thermal oxidizing the
semiconductor layer 1 a composing a TFT 30 at tempera-
tures ranging from approximately 900 to 1300° C., prefer-
ably approximately 1000° C., and in some cases, an upper
layer gate imsulating film 1s subsequently formed by per-
forming a low-pressure CVD resulting in the formation of an
insulating film 2 composed of a one-layered or multi-layered
high temperature silicon oxide film (HTO film) or silicon
nitride film (including a gate 1nsulat111g film). Consequently,
the semiconductor layer 1la i1s approximately 30-150 nm
thick, preferably 35-50 nm, and the insulating film 2 1s
approximately 20—150 nm thick, preferably approximately
30-100 mn.

Next, 1n order to control a threshold voltage Vth of the
TFT 30 for pixel sw1teh111g, only a predetermined amount of
a dopant, such as boron 1s doped into an n-channel or
p-channel region of the semiconductor layer 1la by 1on
implantation or the like.

A trench 12¢v connected to a scan line 11a 1s then formed
in the basic isulating film 12. This trench 12¢v 1s formed by
dry etching, such as reactive ion etching or reactive ion
beam etching.
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Next, as shown 1n step (3) of FIG. 8, a polysilicon film 1s
deposited by lower pressure CVD, and 1s made conductive
by the thermal diffusion of phosphorous (P). Instead of this
thermal diffusion, a doped silicon film may be used which 1s
formed by introducing P 1on simultaneously in the formation
of the polysilicon film. The polysilicon film 1s approximately
100-500 mn thick, preterably approximately 350 nm. By
photolithography and etching, a predetermined pattern of
gate electrode 3a 1s then formed including a gate electrode
portion of TFT 30 (step S6). In forming the gate electrode
3a, a sidewall 35 provided to extend in the gate electrode 1s
also formed at the same time. The sidewall 35 1s formed by
depositing the above-mentioned polysilicon film even inside
the trench 12¢v. At this time, since the bottom of the trench
12¢v 1s 1n contact with the scan line 114, the sidewall 35 and
the scan line 1l1a are electrically connected to each other.
Moreover, in patterning the gate electrode 3a, simulta-
neously with this, an relay electrode 719 1s also formed. By
this patterning, the relay electrode 719 1s formed to have a
plane shape as shown in FIG. 6.

A low concentration source region 15, a low concentra-
tion drain region 1c, a high concentration source region 1d,
and a high concentration drain region 1le are then formed 1n
the semiconductor layer 1a.

In a case where a TFT 30 1s formed of an n-channel type
TFT having a LDD structure, specifically firstly, dopant of
V group element, such as P 1s doped at a low concentration
(e.g., P ion at a dose of 1-3x10'%/cm®) using the gate
clectrode 3a as a mask 1n order to form a low concentration
source region 156 and a low concentration drain region 1c.
This causes the semiconductor layer 1la under the gate
clectrode 3a to become a channel region 1a'. At this time, as
the gate electrode 3a acts as a mask, the low concentration
source region 15 and the low concentration drain region 1c
are formed 1n a self-aligned manner. A resist layer with a
wider plane pattern than the gate electrode 3a 1s then formed
on the gate electrode 3a 1n order to form the high concen-
tration source region 14 and high concentration drain region
le. Dopant of V group element like P 1s then doped at a high
concentration (e.g., P ion at a dose of 1-3x10"/cm?).

However, the doping 1s not necessarily performed with by
two steps of low concentration and high concentration
doping. For mstance, a TFT of a offset structure may be
formed without performing low concentration doping, and a
self-aligned TFT may be formed using the gate electrode 3a
(gate electrode) as a mask by an 10n implantation technique
using P or B 1ion. By doping impurities, the gate electrode 3a
has a lower resistance.

According to this exemplary embodiment, 1n the forming
step of the second layer, a predetermined dummy pattern 123
1s made of the same material as the relay electrode 719 of the
second layer in the wiring layer region. The dummy pattern
123 has the same film thickness as the relay electrode 719.

Next, as shown 1n step (4) of FIG. 8, the first interlayer
insulating film 41 composed of a silicate glass film, such as
NSG, PSG, BSG, or BPSG, a silicon nitride film, or a silicon
oxide film 1s formed on the gate electrode 3a by atmospheric
pressure or lower pressure CVD, for mstance, using TEOS,
TEB, or TMOP gas (step S7). The first interlayer imnsulating
film 41 1s, for instance, approximately 500-2000 nm thick.
Preferably, the first interlayer insulating film 41 1s subjected
to the annealing step at a high temperature of approximately
800° C., thus enhancing the film quality.

In step S8, a contact hole 83 and a contact hole 881 are
opened by dry etching, such as reactive 1on etching or
reactive 1on beam etching, for the first interlayer insulating,
film 41. At this time, the former 1s formed to be 1n contact
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with the high concentration drain region le of the semicon-
ductor layer 1a, and the latter 1s formed to be in contact with
the relay electrode 719.

Next, i step S9 as shown 1n step (5) of FIG. 8, a metal
film like Pt or a polysilicon film 1s formed on the first
interlayer insulating film 41 at a thickness between approxi-
mately 100 and 500 nm by low pressure CVD or sputtering,
thereby forming a precursor {ilm of lower electrode 71 with
a predetermined pattern. In this case, the formation of a
metal film 1s performed to fill both contact hole 83 and
contact hole 881, thereby achieving the electrical connection
between the high concentration drain region 1 e/the relay
clectrode 719 and the lower electrode 71.

Subsequently, a precursor film of the dielectric film 75 1s
then formed on the lower electrode 71. This dielectric film
75 may be formed by a vanety of related arts which are
generally used to form a TFT gate insulating film, similarly
to the case of insulating film 2. The silicon oxide film 73a
1s formed by the above-mentioned thermal oxidation or
CVD, and the silicon nitride film 755 1s then formed by low
pressure CVD. The thinner the dielectric film 75, the larger
the accumulative capacitance 70. Thus, preferably a very
thin msulating {ilm not more than 50 nm 1n the film thickness
should be formed on the condition that defects like film
breakdown do not occur. A polysilicon film or a metal film
like Al 1s then formed on the dielectric film 73 at a thickness
between approximately 100 and 500 nm by low pressure
CVD or sputtering, thereby forming a precursor film of the
capacitive electrode 300.

Next, 1n step (6) of FI1G. 9, the precursor film of the lower
clectrode 71, the dielectric film 75, and the capacitive
clectrode 300 1s patterned at the same time to form the lower
clectrode 71, the dielectric film 75, and the capacitive
clectrode 300, thereby completing the accumulative capaci-
tance 70.

Next, as shown 1n step (7) of FIG. 9, the second interlayer
insulating film 42 composed of a silicate glass film, such as
NSG, PSG, BSG, or BPSG, a silicon nitride film, or a silicon
oxide film 1s formed, for instance, by atmospheric pressure
or low pressure CVD using TEOS gas, etc., preferably by
plasma CVD (step S10). When aluminum 1s used in the
capacitive electrode 300, 1t 1s necessary to form a film at a
low temperature by plasma CVD. The second interlayer
insulating film 42 1s, for instance, approximately 5001500
nm thick.

Next, 1in step S11, the contact holes 81, 801, and 882 are
opened by dry etching, such as reactive 1on etching or
reactive 1on beam etching for the second interlayer msulat-
ing {1lm 42. At this time, the contact hole 81 is formed to be
in contact with the high concentration source region 14 of
the semiconductor layer 1a, the contact hole 801 1s formed
to be 1n contact with the capacitive electrode 300, and the
contact hole 882 1s formed to be 1n contact with the relay
clectrode 719, respectively.

In step S12 as shown 1n step (8) of FIG. 9, a low resistivity
metal like aluminum or a metal silicide with a light blocking
property composing the fourth layer 1s deposited as a metal
film 1n the entire surface of the second interlayer insulating
film 42 at a thickness between approximately 100 and 500
nm, preferably approximately 300 nm, by sputtering. The
data line 6a with a predetermined pattern 1s then formed by
photolithography and etching. At this time, 1n the patterning,
the relay layer 6al for the shield layer and the second relay
layer 642 are also formed simultaneously. The relay layer
6al for the shield layer 1s formed to cover the contact hole
801, and the second relay layer 642 1s formed to cover the
contact hole 882.
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Next, the film made of a titanium nitride 1s formed 1n the
entire surface of the layer over these by plasma CVD, and
1s then patterned so as to remain only on the data line 6a
(refer to 41 TN 1 step (8) of FIG. 9). However, the layer
made of the titanium nitride may be formed so as to remain
in the relay layer 6al for the shield layer and the second
relay layer 6a2 as well, and, in some cases, may be formed
so as to remain 1n the entire surface of a TFT substrate 10.
Also, the film formation may be performed simultaneously
with the formation of an aluminum film and then etching
may be performed altogether.

In the forming step of the second relay layer 6a2 of the
fourth layer, the wiring layer region 1s also patterned with
the same matenial as the second relay layer 642, thereby
forming the wire 105. This wire 105 1s made of the same
material as the second relay layer 642, 1.¢., aluminum 1in the
bottom layer, titanium nitride 1n the middle layer, and silicon
nitride 1n the top layer, resulting 1n the same film thickness
as the second relay layer 6a2.

Next, as shown 1n step (9) of FIG. 9, the third interlayer
insulating film 43 composed of a silicate glass film, such as
NSG, PSG, BSG, or BPSG, a silicon nitride film, or a silicon
oxide film 1s formed so as to cover the data line 6a, etc., for
instance, by atmospheric pressure or lower pressure CVD
using TEOS gas or the like, or preferably plasma CVD
capable of forming a film at a low temperature (step S13).
The third interlayer insulating film 43 1s, for instance,
approximately 500-3500 nm thick.

In step S14 as shown i FIG. 5, the third interlayer
insulating film 43 1s planarized, for mstance, by CMP. This
causes the third 1nterlayer isulating film 43 to considerably
vary 1n thickness depending on its position corresponding to
the film formation pattern of each layer.

Next, 1n step S135, the contact holes 803 and 804 are
opened by dry etching, such as reactive 1on etching or
reactive 1on beam etchung for the third interlayer insulating,
film 43. At this time, the contact hole 803 1s formed to be in
contact with the relay layer 6al for the shield layer, and the
contact hole 804 1s formed to be 1n contact with the second
relay layer 6a2, respectively.

Also, 1n this exemplary embodiment, the contact hole 113
1s formed 1n the wiring layer region simultaneously 1in
making the contact holes 803, 804. Under the contact hole
804, a scan line 11a, a basic msulating film 12, an relay
clectrode 719, a first interlayer insulating film 41, and a
second interlayer insulating film 42 are formed on a TFT
substrate 10, and under the contact hole 113, a dummy
pattern 122, a basic insulating film 12, a dummy pattern 123,
a first interlayer nsulating film 41, and a second interlayer
insulating film 42 are formed on a TFT substrate 10. The
dummy pattern 122 and the dummy pattern 123 have the
same film thickness as the scan line 1la and the relay
clectrode 719 respectively, and the second relay layer 6a2
and the wire 105 have the same film thickness. Therefore,
the second relay layer 642 surface right under the contact
hole 804 and the wire 105 surface are equalized to each other
in vertical position.

That 1s, the third interlayer insulating film 43 1s formed
nearly at the same thickness 1n the forming portion of the
contact holes 803, 804, 113, so that the contact holes 803,
804, 113 have nearly the same depth. Thus, the contact holes
803, 804, 113 are opened simultaneously by the substantially
same etching step. That 1s, contact holes 803, 804, 113 are
surely formed by a single etching step.

Next, in step S16, a fifth layer shield layer 400 1s formed
on the third interlayer insulating film 43 by sputtering or
plasma CVD.
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First, a lower layer film 1s made of a low resistivity
matenal, for instance, aluminum on the third interlayer
insulating {ilm 43, the upper layer film which 1s on the lower
layer film, 1s then made of a material which will not cause
clectrical corrosion with ITO composing the later-described
pixel electrode 9a to be described later, for 1nstance, tita-
nium nitride, etc., and finally, the lower layer film and the
upper layer film are patterned together resulting 1n formation
of a shield layer 400 with a two-layered structure. At this
time, the third relay electrode 402 1s also formed with the
shueld layer 400.

In this exemplary embodiment, a terminal 121 1s formed
using the same material as the fifth layer shield layer 400 1n
the wiring layer region. The shield layer 400 1s made of
aluminum 1n the lower layer and of titanium nitride 1n the
upper layer, so the terminal 121 1s also made of these wire
materials.

Next, in the pixel region, a fourth interlayer insulating
f1lm 44 composed of a silicate glass film, such as NSG, PSG,
BSG@G, or BPSG, a silicon nitride film, or a silicon oxide film
1s formed, for instance, by atmospheric pressure or low
pressure CVD using TEOS gas or the like (step S17). The
fourth interlayer insulating film 44 1s, for instance, approxi-
mately 500-13500 nm thick.

In step S18 as shown in FIG. 5, the fourth interlayer
insulating film 44 1s planarized, for mstance, by CMP. The
contact hole 89 1s then opened by dry etching, such as
reactive 1on etching or reactive 1on beam etching with regard
to the fourth interlayer insulating film 44 (step S19). At this
time, the contact hole 89 1s formed to be 1n contact with the
alforementioned third relay electrode 402.

Next, the transparent conductive film like an I'TO film 1s
deposited on the fourth interlayer insulating film 44 at a
thickness between approximately 50 and 200 nm by sput-
tering. The pixel electrode 9a 1s then formed by photoli-
thography and etching (step S20).

When the present electro-optical device 1s used as a
reflective type, the pixel electrode 9a may be made of
opaque material with a high reflectance ratio like aluminum.
The alignment film 16 1s then formed by applying the
coating solution for the polyimide base alignment film on
the pixel electrode 94 and then performing a rubbing step to
have a predetermined pretilt angle 1n a predetermined direc-
tion.

Meanwhile, 1n the counter substrate 20, a glass substrate
or the like 1s firstly prepared, and the light shielding film 53
as a frame 1s then formed, for istance, by sputtering metal
chrome and then performing the photolithography and etch-
ing. The light shielding film 53 does not need to be
conductive, and may be made of a material, such as black
resin where carbon or 11 1s scattered 1n the photoresist, in
addition to metal material like Cr, Ni, Al, or the like.

Next, the transparent conductive film, such as ITO 1s
deposited in the entire surface of the counter substrate 20 by
sputtering at a thickness between approximately 50 and 200
nm, thereby forming the counter electrode 21. Moreover, the
alignment film 22 1s formed by applying a coating solution
for a polyimide base alignment film on the entire surface of
the counter electrode 21 and then performing a rubbing step
to have a predetermined pretilt angle 1n a predetermined
direction.

Finally, as shown 1n FIGS. 2 and 3, the TFT substrate 10
and the counter substrate 20 where each layer 1s formed are
stuck together, for instance, by the sealing material 52 with
the alignment films 16 and 22 opposing to each other after
providing the sealing material 52 along the four sides of the
counter substrate 20 and at the same time forming the
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upper/lower conducting materials 106 at four corners of the
sealing material 52. The upper/lower conducting materials
106 are 1n contact with the terminal 121 of the TFT substrate
10 on the lower side and 1s 1n contact with the common
clectrode 21 of the counter substrate 20 on the upper side,
thereby making an electrical conduction between the TEFT
substrate 10 and the counter substrate 20. A predetermined
thickness of liqud crystal layer 50 1s then formed, for
instance, by absorbing the liquid crystal formed by mixing
a plurality of kinds of nematic liquid crystals 1n the gap
between both substrates by the vacuum suction or the like.

Also, the sealing material 52 1s made of, for instance, UV
curable resin, thermal curable resin, or the like 1n order to
stick both substrates together, and 1s hardened by ultraviolet
ray, heating, or the like. When the liquid crystal device
according to this exemplary embodiment 1s, for instance,
applied to a liquid crystal device for a projector which 1s
compact and magmfies display, gap material (spacer), such
as glass fiber or glass bead 1s scattered 1n the sealing material
52 1n order to provide spacing (gap between both substrate)
between both substrates by a predetermined value. When the
liguid crystal device 1s, for mstance, applied to the liqud
crystal device for a liquid crystal display or liquid crystal TV
which 1s of a large size and displays at an equal
magnification, the above-mentioned gap material may be
included among the liquid crystal layer 50.

If the delay 1n the scan signal applied to the scan line 11a
and the gate electrode 3a does not matter, the scan line
driving circuit 104 may be provided on one side only. Also,
the data line driving circuit 101 may be provided on both
sides along the periphery of the image displaying region
10a.

Further, on the TFT substrate 10, a sampling circuit to
apply an 1mage signal to the data line driving circuit 101, the
scan line driving circuit 104, and a plurality of data lines 6a
on a predetermined timing, a precharge circuit to apply a
predetermined voltage level of precharge signals to a plu-
rality of data lines 6a respectively 1n advance of an 1mage
signal, and a test circuit to check the quality or defect of the
clectro-optical device during the manufacture or shipment
may be formed.

In the above-mentioned respective exemplary
embodiments, instead of preparing the data line driving
circuit 101 and the scan line driving circuit 104 on the TFT
substrate 10, for instance, it may be electrically and
mechanically connected to LSI for driving mounted on TAB
(tape automated bonding) substrate through an anisotropic
conductive film provided in the periphery of the TF'T sub-
strate 10. On the sides where the projection light 1s incident
in the counter substrate 20 and the emitted light 1s ematted
in the TFT substrate 10, a polarizing film, a retardation film,
and a polarizer are provided 1n a predetermined direction
corresponding to, for istance, operating modes, such as TN
(twisted nematic) mode, VA (vertically aligned) mode, or
PDLC (polymer dispersed liquud crystal) mode, or normally-
white mode/normally-black mode, respectively.

According to this exemplary embodiment, in a plurality of
contact holes forming regions of the interlayer insulating
film planarized by CMP, every pattern 1s formed of the same
f1lm formation material under the sub-interlayer-film wiring
pattern beneath the interlayer mnsulating film which are all
planarized. In this way, the surface of every sub-interlayer-
film wiring pattern has an equal vertical position, thus the
planarized interlayer insulating film has the same thickness
in every contact hole forming region.

By making the contact holes equal 1n depth, these contact
holes are surely simultaneously opened by performing an
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etching step once. Also, since the vertical position of the
sub-interlayer-film wiring pattern 1s controlled relatively
high by forming the dummy pattern, the depth of contact
hole becomes relatively short. Thus the aspect ratio becomes
low, thereby enhancing the contact characteristics.

A plurality of contact holes formed 1n the planarized
interlayer insulating film are preferably simultaneously
opened by performing an etching step once, and 1t does not
matter 1f several contact holes are removed more by over-
cetching. That 1s, considering the selection ratio of the
interlayer insulating film to the sub-interlayer-film wiring
pattern and the thickness of the sub-interlayer-film wiring
pattern, 1t does not matter 11 the vertical positions of surfaces
of the sub-interlayer-film wiring patterns are different from
cach other. Thus, 1t 1s quite apparent that the dummy pattern
does not need to be prepared so that the same film formation
layer 1s sure to be formed on the lower side of each contact
hole, and that the pattern by different film formation layers
may be formed on the lower side of these contact holes. That
1s, the sums of film thicknesses of the film formation layers
stacked under each contact hole forming region has only to
be configured to be made equal. Moreover, if 1t falls within
the permissible range of the over-etchuing, 1t does not matter
if the sub- interlayer-film wiring patterns beneath each
contact hole forming region are a little different 1n vertical
position from each other.

Also, even though an electrical characteristic of a dummy
pattern has not been set forth in each exemplary
embodiment, the dummy pattern may be, for instance, held
in the floating potential or 1n a different potential by con-
necting wires, or, for instance, may be held in the same
potential as a contact hole by connecting to a contact hole.

Even though there have been disclosed exemplary
embodiments 1n which the vertical position of the surface of
the sub-interlayer-film wiring pattern i1s defined by forming
a dummy pattern on the lower side, it 1s possible to obtain
the same eflect by cutting and reducing the portion other
than the contact hole forming region formed in the pla-
narized interlayer insulating film. For instance, the substrate
surface may be cut or the interlayer insulating film may be
cut. In this way, 1t 1s possible to control the depth of each
contact hole, and to make the depth of each contact hole
relatively short and equal.

Even though there have been disclosed exemplary
embodiments in which the height of the sub-interlayer-film
wiring pattern 1n a pixel region 1s equalized with the height
of wire in the wiring layer region to each other by forming
a dummy pattern, the above-mentioned exemplary embodi-
ment may be also applied to a case of controlling the vertical
positions of a plurality of sub-interlayer-film wiring patterns
in the same film formation layer within a pixel region.
Further, the same eflects as 1 dummy pattern may be
obtained by extending or not extending the existing pattern
to the bottom of contact hole, 1nstead of newly forming the
dummy pattern.

Herein, the essential effect of an aspect of the present
invention 1s that the depths of the plurality of contact holes
formed 1n the interlayer film are made equal or nearly equal
even after plananzing the interlayer film by CMP. In order
to achieve such an effect, 1t 1s important to equalize the
heights from a certain base level of the TFT substrate surface
over the entire region of TEF'T substrate 1n the sub-interlayer-
film wiring pattern forming the contact hole. Exemplary
embodiments have also disclosed that, in order to achieve
such eflect, the height 1s controlled by forming a dummy
pattern under the sub-interlayer-film wiring pattern within a
wiring layer region, and the height of a sub-interlayer-film
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wiring pattern within a wiring layer region 1s formed to be
equalized to that of the sub-interlayer-film wiring pattern
within a pixel region. There 1s also a method of controlling
the height by cutting a substrate surface within a pixel region
or an interlayer insulating film surface of a pixel region, and
equalizing the height of a sub-interlayer-film wiring pattern
within a pixel region to that of the sub-interlayer-film wiring,
pattern within a wiring layer region. The common essential
requirement of configuration for the above-mentioned effect
of an aspect of the present mvention i1s to equalize the
distances (heights) along the normal direction from a certain
base level of the TFT substrate surface over the entire region
of the TFT substrate 1n the sub-interlayer-film wiring pattern
forming the contact hole. In this way, even after planarizing
the interlayer film by CMP, the depths of the plurality of
contact holes formed on the interlayer film over the entire
surface of the TFT substrate are made equal or nearly equal,
thus making 1t possible to open all contact holes uniformly
by performing an interlayer-film removal step once.
Theretore, the essential requirement of configuration of an
aspect of the present invention 1s to equalize the sums of the
thicknesses of the stacked films under the sub-interlayer-film
wiring pattern forming the contact hole with regard to the
contact holes formed over the entire region of the TFT
substrate. More generally, 1t 1s to make equal the values
obtained by subtracting the sunken distance along the nor-
mal direction from the base level of the TFT substrate
surface from the sums of the thicknesses of the stacked films
under the sub-interlayer-film wiring pattern forming the
contact holes. The sunken distance along the normal direc-
tion from the base level of the TFT substrate surface refers
to the depth of the recess of the recess region measured by
setting the original surface of the substrate, 1.e., the highest
surface of the substrate as a base level, wherein the recess 1s
formed due to, for example, etching.

Even though the substrate for the liquid crystal device has
been set forth 1n the exemplary embodiment, 1t 1s possible to
apply to the semiconductor substrate having the planarized
interlayer film, e.g., substrates of the electroluminescent
device or electrophoresis device as well.

Electronic Apparatus

Reference will now be made to the exemplary embodi-
ment and the entire configuration, especially, optical con-
figuration of the projection color display as an example of
the electronic apparatus for using the above-mentioned
clectro-optical device as a light bulb. FIG. 11 1s a schematic
sectional view showing the projection color display.

In FIG. 11, the liquid crystal projector 1100 as an example
of the projection color display according to this exemplary
embodiment 1s configured as a projector which includes
three liquid crystal modules including a liquid crystal device
where a driving circuit 1s mounted on the TFT array
substrate, and uses these modules as light bulbs for RGB
100R, 100G, and 100B, respectively. In the liquid crystal
projector 1100, when the projection light 1s emitted from a
lamp unit 1102 of white light source, like a metal halide
lamp, the emitted light 1s divided nto the light components
R, G, and B corresponding to three primary colors of RGB
by three sheets of mirrors 1106 and two sheets of dichroic
mirror 1108, which are guided to light bulbs 100R, 100G,
and 100B corresponding to each color, respectively. At this
time, especially light B 1s guided through relay lens system
1121 including an 1incident lens 1122, a relay lens 1123, and
an emit lens 1124 1n order to reduce or prevent the light loss
due to the long light path. The light components correspond-
ing to the three primary colors modulated by the light bulbs
100R, 100G, and 100B respectively are synthesized again by
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the dichroic prism 1112 and are then projected as color
images to the screen 1120 through the projection lens 1114.

The present invention i1s not limited to the foregoing
exemplary embodiments, and many alternatives,
modification, and variations will be allowed within the
scope of the claims and the subject matter or 1dea of the
present invention inferable from the whole description.
Further, the electro-optical device and the manufacturing
method thereof, and the electronic apparatus accompanied
with such variations also fall within the technical scope of
the present invention. As an electro-optical device, the
present invention can be applied to an electrophoresis device
or EL (electroluminescent) device:

What 1s claimed 1s:

1. A substrate for an electro-optical device having a
planarization layer, comprising:

a substrate;

a plurality of sub-interlayer-film wiring patterns formed 1n
film formation layers disposed above the substrate;

interlayer films interlayered amongst the plurality of
sub-interlayer-film wiring patterns, at least one of the
interlayer films having a planarized surface;

a plurality of contact holes formed in the planarized
interlayer film corresponding to portions of the plural-
ity of sub-interlayer-film wiring patterns; and

a stacked film formed between the substrate and the
plurality of sub-interlayer-film wiring patterns and
whose portions corresponding to each region of the
plurality of contact holes being equal or nearly equal 1n
thickness.

2. A substrate for an electro-optical device having a

planarization layer, comprising;:

a substrate having a plurality of recesses 1n regions of the
substrate surface;

a plurality of sub-interlayer-film wiring patterns formed 1n
film formation layers disposed in at least one of the
regions of the recesses and other regions;

interlayer films formed on the plurality of sub-interlayer-
f1lm wiring patterns, at least one of the interlayer films
having a planarized surface;

a plurality of contact holes formed in the planarized
interlayer film corresponding to portions of the plural-
ity of sub-interlayer-film wiring patterns; and

a stacked film which 1s formed between the substrate and
the plurality of sub-interlayer-film wiring patterns, val-
ues obtained by subtracting the sunken distance of the
recesses along the normal direction of the substrate
surface from the thickness of the stacked film portions
corresponding to each region of the plurality of contact
holes being equal or nearly equal.

3. A substrate having a planarization layer, comprising:

a plurality of film formation layers where film formation
patterns are formed, respectively;

interlayer films formed between the plurality of film
formation layers, respectively;

a plurality of sub-interlayer-film wiring patterns formed 1n
the film formation layers beneath a planarized inter-
layer films of the interlayer films;

a plurality of contact holes formed in the planarized
interlayer films and connecting the plurality of sub-
interlayer-film wiring patterns and film formation pat-
terns of layers above the planarized interlayer films;
and

one or more dummy patterns formed in a plurality of
positions below the plurality of contact holes, and
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formed 1n one or more of the film formation layers
under the plurality of sub-interlayer-film wiring
patterns, respectively, so as to control positions of the
surfaces of the plurality of sub-interlayer-film wiring
patterns.

4. The substrate having a planarization layer according to
claiam 3, the one or more dummy patterns independently
controlling the positions of the surfaces of the plurality of
sub-interlayer-film wiring patterns so as to extend the plu-
rality of contact holes from the surfaces of the planarized
interlayer films to the plurality of sub-interlayer-film wiring
patterns by performing an interlayer-film removal step once.

5. The substrate having a planarization layer according to
claim 3, the one or more dummy patterns being formed
independently of each other under the plurality of sub-
interlayer-film wiring patterns so as to equalize the vertical
positions of the surfaces of the plurality of sub-interlayer-
film wiring patterns.

6. The substrate having a planarization layer according to
claim 3, more dummy patterns being formed independently
of each other in the same film formation patterns of film
formation layers under the plurality of sub-interlayer-film
wiring patterns.

7. The substrate having a planarization layer according to
claim 3, the dummy patterns being provided to extend from
the film formation pattern of film formation layers in other
regions of the same layer as the dummy patterns.

8. The substrate having a planarization layer according to
claim 3, the one or more dummy patterns being formed so
as to equalize the total film thickness of the film formation
patterns formed at positions corresponding to each contact
hole under the plurality of sub-interlayer-film wiring pat-
terns.

9. The substrate having a planarization layer according to
claiam 3, the plurality of contact holes being formed by
ctching the planarized interlayer films, and

the one or more dummy patterns controlling, indepen-
dently of each other, the vertical positions of the
surtaces of the plurality of sub-interlayer-film wiring
patterns with a permissible margin of only an over-
ctching portion for any of the plurality of sub-
interlayer-film wiring patterns.

10. A method of manufacturing a substrate having a

planarization layer, comprising:

forming one or more dummy patterns at one or more
positions of one or more film formation layers in the
same step as a forming each {ilm formation pattern of
a plurality of film formation layers to be stacked,
respectively;

forming interlayer films on the film formation layers;

forming a plurality of sub-interlayer-film wiring patterns
in wiring layers of the plurality of film formation
layers;
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planarizing at least one of the interlayer films formed on
the wiring layers; and

forming a plurality of contact holes to connect the plu-
rality of sub-interlayer-film wiring patterns and a plu-
rality of film formation patterns of layers above the
plurality of interlayer films 1n the planarized interlayer
films at a plurality of positions on the dummy patterns,

the dummy patterns controlling the vertical positions of
the surfaces of the plurality of sub-interlayer-film wir-
ing patterns.

11. A substrate for an electro-optical device, comprising:

a pixel electrode layer where a film formation pattern of
pixel electrodes 1s formed corresponding to each inter-

section of a plurality of data lines and a plurality of scan
lines which are arranged planarly 1n a matrix;

a first film formation layer where a film formation pattern
of the plurality of data lines 1s formed;

a second film formation layer where a film formation
pattern of the plurality of scan lines and a film forma-
tion pattern of switching elements for supplying signals
to the pixel electrodes are formed;

interlayer films which are formed between the pixel
clectrode layer, the first film formation layer, and the
second film formation layer, respectively;

a plurality of sub-interlayer-film wiring patterns which are
formed 1n film formation layers beneath a planarized
interlayer films of the interlayer films, and which are
formed 1n any one of the pixel electrode layer, the first
film formation layer, the second film formation layer,
and the other film formation layers;

a plurality of contact holes which are formed in the
planarized interlayer films in order to connect the
plurality of sub-interlayer-film wiring patterns and the
film formation patterns of layers above the planarized
interlayer films; and

one or more dummy patterns which are formed at a
plurality of positions under the plurality of contact
holes, and which are formed i1n one or more film
formation layers of layers below the plurality of sub-
interlayer-film wiring patterns, respectively so as to
control the positions of the surfaces of the plurality of
sub-interlayer-film wiring patterns.
12. An electro-optical device constructed by using the
substrate for an electro-optical device according to claim 11.

13. An clectronic apparatus constructed by using the
clectro-optical device constructed by using the substrate for
an electro-optical device according to claim 11.
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